This draft guidance, when finalized, will represent the current thinking of the Food and Drug Administration (FDA, or the Agency) on this topic. It does not establish any rights for any person and is not binding on FDA or the public. You can use an alternative approach if it satisfies the requirements of the applicable statutes and regulations. To discuss an alternative approach, contact the Office of Generic Drugs.
dosage units each of all strengths of the test and reference products. Specifications will be determined upon review of the application.
In addition to the method above, for modified release products, dissolution profiles on 12 dosage units each of test and reference products generated using USP Apparatus I at 100 rpm and/or Apparatus II at 50 rpm in at least three dissolution media (pH 1.2, 4.5 and 6.8 buffer) should be submitted in the application. Agitation speeds may have to be increased if appropriate. It is acceptable to add a small amount of surfactant, if necessary. Please include early sampling times of 1, 2, and 4 hours and continue every 2 hours until at least 80% of the drug is released, to provide assurance against premature release of drug (dose dumping) from the formulation. Specifications will be determined upon review of the data submitted in the application.
Due to a concern of dose dumping of drug from this drug product when taken with alcohol, the Agency currently requests that additional dissolution testing be conducted using various concentrations of ethanol in the dissolution medium, as follows:
Testing Conditions: 900 mL, 0.1 N HCl, USP apparatus 2 (paddle) @50 rpm, with or without alcohol;
Test 1: 12 units tested according to the proposed method (with 0.1N HCl), with data collected every 15 minutes for a total of 2 hours Both test and RLD products must be tested accordingly and data must be provided on individual unit, means, range and %CV on all strengths.
Additional comments regarding the bioequivalence study:
Additional Bioequivalence Metrics -Partial AUCs
The Concerta ® Tablet labeling indicates that Concerta ® (methylphenidate hydrochloride) extended-release tablet is an extended-release formulation of methylphenidate with a bi-modal release profile. Each Concerta ® tablet is comprised of an immediate-release component and an extended-release component, thus providing an immediate release of methylphenidate and a second extended release of methylphenidate.
Thus, Concerta
® is a multiphasic modified-release formulation designed to release a bolus of methylphenidate followed by slower delivery later in the day. According to the FDA-approved labeling for this product, clinical studies showed statistically significant improvement in behavioral assessment scores throughout 12 hours, relative to placebo, following administration of a single morning dose. As this multiphasic modified-release dosage form is designed to achieve both rapid onset of activity and sustained activity with a duration of 12 hours, FDA suggests that additional bioequivalence metrics may be appropriate to ensure that a generic (test) version is therapeutically equivalent to the corresponding reference product. Thus, for Concerta ® the following three partial AUC (pAUC) metrics are proposed in addition to the traditional (AUC 0-∞ and C max ) metrics:
• AUC 0-T1 should compare test & reference systemic exposure responsible for early onset of response during the early part of the once-daily dosing interval; • AUC T1-T2 should compare test & reference systemic exposure responsible for sustaining the response in the middle of the once-daily dosing interval. For the children taking this medication, this would correspond to the early afternoon time to ensure the completion of the school day after lunch; and • AUC T2-T3 should compare test & reference systemic exposure responsible for maintenance of the response in late stage of the once-daily dosing interval. For the children taking this medication, this would correspond to the late afternoon time to ensure the completion of homework and other after-school activities.
The 90% confidence intervals of the geometric mean test/reference (T/R) ratios for the above five C max and AUC metrics (C max , AUC 0-T1 , AUC T1-T2 , AUC T2-T3 , AUC 0-∞ ) should fall within the limits of 80-125%.
The sampling time (T1) for the first pAUC is based on time at which 90-95% of subjects are likely to achieve optimal early onset of response. Because the rate of initial methylphenidate absorption is associated with the rate of early onset of response, the sampling time "T1" is determined based on T max of the immediate-release portion of the formulation. T max is a pharmacokinetic parameter associated with rate of response. T2 is based on the school hours and T max of the extended-release portion of the formulation. T3 is based on the efficacy duration claim of Concerta ® from the pivotal clinical studies.
Fasting Study: Log-transformed AUC 0-3 , AUC 3-7 , AUC 7-12 , AUC 0-∞ , and C max , where AUC 0-3 is the area under the plasma-concentration vs. time curve from 0 to 3 hours, AUC 3-7 is area under the curve from 3 to 7 hours; AUC 7-12 is area under the curve from 7 to 12 hours; AUC 0-∞ is area under the curve from 0 to infinity, and C max is the maximum plasma concentration. The pAUCs, AUC 0-3 , AUC 3-7 , and AUC 7-12 have been determined to be the most appropriate parameters for evaluation of the drug bioavailability responsible for the quick onset and sustained maintenance of the clinical response throughout the duration of drug effect. These three pAUCs replace the usual AUC 0-t , and together with the other bioequivalence parameters, AUC 0-∞ and C max , will ensure that the pharmacokinetic profiles and clinical effects of test and reference products are sufficiently similar.
Fed Study: Log-transformed AUC 0-4 , AUC 4-8 , AUC 8-12 , AUC 0-∞ , and C max , where AUC 0-4 is the area under the plasma-concentration vs. time curve from 0 to 4 hours, AUC 4-8 is area under the curve from 4 to 8 hours; AUC 8-12 is area under the curve from 8 to 12 hours; AUC 0-∞ is area under the curve from 0 to infinity, and C max is the maximum plasma concentration. The pAUCs, AUC 0-4 , AUC 4-8 , and AUC [8] [9] [10] [11] [12] have been determined to be the most appropriate parameters for evaluation of the drug bioavailability responsible for the quick onset and sustained maintenance of the clinical response throughout the duration of drug effect. These three pAUCs replace the usual AUC 0-t , and together with the other bioequivalence parameters, AUC 0-∞ and C max , will ensure that the pharmacokinetic profiles and clinical effects of test and reference products are sufficiently similar.
The reasons for selecting 3 hours and 4 hours, respectively, for the early onset pAUCs in fasting and fed studies are as follows: Thus, since the T max from the immediate-release portion of this formulation is about 2 hours under fasting conditions and 3 hours under fed conditions, pAUCs calculated to 0-3 hours in a fasting BE study and 0-4 hours in a fed BE study should capture the responses of 95% of the subjects. This should provide assurance that a test and reference product will be therapeutically equivalent over the early part of the daily dosing interval, corresponding to onset of response.
The reasons for selecting 7 and 8 hours for the middle pAUCs in the fasting and fed studies, respectively, are based on the T max values of extended-release portion of this formulation and school hours. This will ensure similar drug exposures during the remaining school hours after early onset of response. The reason for selecting 12 hours for the late pAUCs in both the fasting and fed studies is due to the labelled efficacy duration (i.e., 12 hours). AUC 3-7 and AUC 7-12 in the fasting state, and AUC 4-8 and AUC [8] [9] [10] [11] [12] in the fed state should ensure that two products are therapeutically equivalent over the later part of the daily dosing interval, corresponding to the duration of the sustained response.
Statistical Analysis of Pharmacokinetic Data -subject-by-formulation interaction variance
To ensure the switchability between Concerta® and generic products, a subject-by-formulation test for each PK metric is recommended in addition to the establishment of average bioequivalence based on the PK metrics identified in the previous section. The procedure to calculate the point estimate for subject-by-formulation interaction variance can be found in APPENDIX G of the FDA 2001 bioequivalence statistical guidance 1 , but is also reproduced in this recommendation in Steps 1-3.
Step 1.
Define new variables using the logarithm-transformed pharmacokinetic (PK) parameters (AUC 0-3 , AUC 3-7 , AUC 7-12 , AUC 0-∞ , and C max for the fasting study; AUC 0-4 , AUC 4-8 , AUC [8] [9] [10] [11] [12] , AUC 0-∞ , and C max for the fed study).
Assuming a four-period design with equal replication of the reference (R) and test (T) treatment arms in each sequence, each logarithm-transformed PK parameter is defined as ijkl Y where: i = 1, …s; indicates sequence j = 1,…n i; indicates subject within sequence i k = R,T; indicates treatment l = 1,2; indicates replicate on treatment k for subjects within sequence i
The new variables are defined as: Step 3.
Estimate the subject-by-formulation interaction variance, 
